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LETTERS TO THE EDITOR
High Frequency Pulsed Versus Continuous
Wave Doppler Echocardiography (continued)
The two articles (1,2) and an editorial (3) in the April issue of the
Journal of the American College of Cardiology present aspects of
a controversy over "competing" technologies. Come skillfully
reviews the strengths of pulsed and continuous wave Doppler echo-
cardiography and concludes that both are necessary, and I doubt
that there is any disagreement with that conclusion by the authors
of the other two papers.
I was privileged to be one of the reviewers for Circulation for
Hade's report on quantification of aortic stenosis using continuous
wave Doppler in 1980 (4). I regarded this as a major advance,
and looked forward to the early use of this technique in my pop-
ulation of children and young adults with aortic stenosis at Uni-
versity of Washington Hospital, a population at small but real risk
of sudden death who did not appreciate repeated left heart cath-
eterizations. After recommending a high priority for publication,
I shared the report from Hatle with individuals who were consul-
tants to, or officers of, Applied Technology Laboratories (ATL);
their lack of response was difficult to understand. It was Over 3
years before the ATL high pulse repetition frequency Doppler
equipment was available at our hospital for "clinical trials." The
apparent emphasis by ATL on the high pulse repetition frequency
in the face of problems reported in adults seemed almost ideolog-
ical and caused many of us to use two different machines when
we wanted accurate, quantitative Doppler information.
The assertion by Snider et al. (I) is true that (given enough
time and effort) high pulse repetition frequency Doppler study can
usually provide an accurate estimate of the pressure gradient. How-
ever, having used both continuous wave and high pulse repetition
frequency Doppler echocardiography for over 3 years in a pediatric
population, I can report that there were several instances in which,
using the high pulse repetition frequency Doppler technique we
did not get adequate data to make any judgment, but, using the
continuous wave Doppler technique, we were able to get good
waveforms quickly. I am sure that Snider and coworkers are more
skilled and persistent in acquiring good data with the high pulse
repitition frequency equipment, but the highly skilled and re-
sourceful technicians that I have worked with, who are loyal users
of ATL equipment, almost invariably tum to the continuous wave
Doppler technique for confirmation in critical or difficult situations.
The delay in widespread clinical application of this major di-
agnostic advance is disappointing, at best, when the theoretical
basis was sound and the clinical studies of Hade had established
its clinical utility. Certainly, all of the authors cited have done
their part in trying to educate American cardiologists to the use-
fulness of Doppler technology, and fortunately, ATL' s new Ultra
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Mark 8 has a well integrated continuous wave Doppler system as
part of its "state of the art" instrument.
WARREN G. GUNTHEROTH, MD
Division of Pediatric Cardiology
University of Washington
School of Medicine
Seattle, Washington 98195
References
I. Snider AR, Stevenson JG, French JW, et al. Comparison of high pulse repetition
frequency and continuous wave Doppler echocardiography for velocity measure-
ment and gradient prediction in children with valvular and congenital heart disease.
J Am Coli Cardiol 1986;7:873-9.
2. Marx GR, Allen HD, Goldberg SJ. Doppler echocardiographic estimation of
systolic pulmonary artery pressure in patients with aortic-pulmonary shunts. J Am
Coli Cardiol 1986;7:880-5.
3. Come PC. The optimal Doppler examination: pulsed, continuous wave or both?
J Am Coli Cardiol 1986;7:886-8.
4. Halle L. Noninvasive assessment and differentiation of left ventricular outflow
obstruction by Doppler ultrasound. Circulation 1981;64:381-7.
Reply
We agree with Guntheroth that both high pulse repetition frequency
and continuous wave Doppler echocardiography are necessary and
should be available for cardiac ultrasound examinations: As we
stated, "The ideal ultrasound system for evaluating patients with
a wide variety of cardiac defects would contain capabilities for
performing both high pulse repetition frequency and continuous
wave examinations." Come has emphasized the advantages and
limitations of each.
We too have considered the early reports of Hade and her
colleagues (1-3) to have been major contributions to the field of
cardiac ultrasound. Guntheroth is dismayed at the length of time
that elapsed before commercial ultrasound equipment was avail-
able for the measurement of high flow velocities. By 1982 clinical
trials of locally manufactured continuous wave and high pulse
repetition frequency Doppler instruments were underway within
the University of Washington system. We believe that the delay
in American (medical and industrial) recognition of the utility of
quantitative Doppler study may have stemmed from other causes,
and wish to offer an alternative explanation: the status of Doppler
echocardiography within the field of American cardiology at the
time when the Norwegian contributions were published. Contin-
uous wave Doppler instrumentation was available then, for quan-
titative measurement, but acceptance of even qualitative Doppler
echocardiography in American cardiology was marginal. The major
emphasis was on M-mode and two-dimensional echocardiography;
Doppler ultrasound was considered a curiosity, felt by many to be
a "noninvasive stethoscope." Few American cardiologists were
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trained in, or familiar with, Doppler principles at that time, whether
qualitative or quantitative. American training was anatomic and
coronary with little thought to blood flow. The demonstration of
Doppler potential both locally and abroad came, in large part, from
outside of the established American cardiac ultrasound community.
It clearly was neither the lack of instrumentation nor an individual
manufacturer that delayed the American acceptance of Doppler
velocity measurement.
We are not surprised that Guntheroth has experienced instances
wherein inadequate data was obtained from high pulse repetition
frequency Doppler studies, but was obtained from continuous wave
studies; we reported similar occurrences in our paper. We would
comment, however, that there are also situations wherein contin-
uous wave Doppler examination has provided inadequate data,
only to have useful information provided by high pulse repetition
frequency studies. It is a mistake to emphasize one Doppler mo-
dality over another. It is important not to misinterpret Guntheroth's
statement that "high pulse repetition frequency Doppler study can
usually provide an accurate estimate of the pressure gradient" to
imply that high pulse repetition frequency technique is somehow
better than the continuous wave techniques. We carefully stated
that "no difference was found in the ability of the two Doppler
techniques to detect the peak velocity of a jet flow disturbance.
Both Doppler techniques were equally accurate in their ability to
predict pressure gradients measured at cardiac catheterization."
We discussed the advantages and disadvantages of each. In given
patients, one velocity measurement technique may be clearly ad-
vantageous, whereas another may prove superior in a different
setting. When pulsed Doppler echocardiography demonstrates only
a single flow disturbance, or one far separated from another, many
do find a continuous wave approach easier. When there is more
than one flow disturbance in a given patient, each flow disturbance
needs to be individually detected and evaluated. In this setting the
capabilities of the high pulse repetition frequency technique are
particularly valuable. In each of these situations an answer may
eventually be obtained with either modality, but the best infor-
mation may be more quickly and accurately obtained through a
knowledgeable application of both modalities. Pulsed and contin-
uous wave Doppler techniques are complementary, not "compet-
ing." We are pleased that Guntheroth agrees that high pulse rep-
etition frequency and continuous wave techniques can each usually
provide an accurate estimate of pressure gradient. That was, in
fact, the conclusion of our paper.
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Reply
I share the concern that manufacturers may be too slow to make
innovations that would optimize the information obtainable from
patient studies using their equipment. In this respect, it is now
heartening to see most manufacturers combining continuous wave
and pulsed Doppler technology in the same imaging system. Sev-
eral manufacturers are providing the capability for both continuous
wave interrogation within the format of a two-dimensional image
and for blinded interrogation using a smaller, nonimaging probe.
We have found the smaller transducer to fit between rib spaces
and within the suprasternal notch more easily and to be more easily
angled to obtain a good signal. I would, therefore, hope that
manufacturers will continue to offer both continuous wave options.
PATRICIA C. COME, MD
Cardiology Division
Department ofMedicine
Beth Israel Hospital
330 Brookline Avenue
Boston, Massachusetts 022/5
Correction
The legend to Figure 3 on page 1322 of the December
1986 issue of the Journal was printed incorrectly (Chait-
man BR, Davis KB, Dodge HT, et al. Should airline
pilots be eligible to resume active flight status after coro-
nary bypass surgery?. a CASS registry study. J Am Call
Cardiol 1986;8:1318-24).
The following is the correct version of the legend with
the correction underlined:
Figure 3. Among the 345 patients without a previous myo-
cardial infarction and with a history of hypertension at baseline
(see text for definition), the acute cardiac event rate was lowest
in patients who never smoked and highest in patients who
smoked at the time of enrollment.
